Summary
The In the treatment of hepatitis, the effects of protein nutrition and parenteral alimentation with special amino acid mixture are taken into account. However, we could find few reports which describe the effects of dietary protein on the patho genesis of hepatitis. Although hepatitis has been shown to develop in response to many different causes such as virus, alcohol and various kinds of chemicals, D galactosamine-induced hepatitis has been well studied as a model of hepatitis which resembles viral hepatitis in histological features (1) . The injury of hepatocytes by D-galactosamine was suggested to be developed through suppression of mRNA (2, 3) or glycoprotein synthesis (4, 5) in association with the reduction of uridine triphosphate in the cells (2-4).
There are some reports which describe the * To whom correspondence should be addressed . a Composition of AIN76TM (26) . experimental diets are shown in Tables 1 and 2 . The diets for experiment 4 contained cellulose acetate phthalate which was reported to reduce the osmotic pressure of ingested amino acids in the gastrointestinal tract (9) . On day 14, they were injected with D-galactosamine (0.8 g• kg-1 body weight) intraperitoneally, and then 20h later blood was drawn by heart puncture under anesthesia. In experiment 5, blood was collected at 0,1, and 8h after galactosamine injection. Diets were withheld for 4h before and after galactosamine injection. The care and treatment of the rats were carried out according to the guidelines prescribed at our institution and the NIH Guide for the care and use of laboratory animals (10). Analysis. The activities of aspartate aminotransferase (EC 2 .6.1.1) (AST) and alanine aminotransferase (EC 2.6. 1.2) (ALT) in the serum were determined by a clinical enzyme assay kit, Iatrozyme TA-Lq (Iatron Laboratories) . The contents of UTP, UDP and UDP-glucose in rat liver were determined by the sequential enzymatic methods (11) .
Statistical analysis. The activities of AST and ALT were analyzed by the Kruskal-Wallis test and subsequently by non-parametric Scheffe's multiple comparison test in addition to Wilcoxon's runk sum test (only for experiment 5) after the removal of abnormal values according to Smirnoff's test (12) . Other data were analyzed using ANOVA followed by Duncan's multiple-range test. All analysis was conducted using Yukm Statistical Library (A. S. B Inc, Tokyo).
RESULTS

Effects of casein contents in diets
As shown in Table 3 , growth in the 5C and 10C groups was significantly lower than in the 20C group and the relative liver weight to the eviscerated carcass weight was significantly higher in the SC and 10C groups than in the 20C group . Although the activities of serum AST and ALT deviated within a wide range in each group, the means of those activities in the 40C group were significantly higher than in the other 3 groups.
Effects of various kinds of protein sources
When the rats were fed with the 40G diet for 15 days, their body weight gain was significantly lower than the other three groups, and their relative liver weight to eviscerated carcass weight was slightly but significantly higher than in the other three groups (Table 4 ). The activities of serum AST and ALT in the 40C group was significantly higher than in the 20C group. On the other hand, those enzyme activities in the 40G group were significantly lower than in the 40C and 40S groups .
Effect of L-lysine, L-threonine and total L-glutamic acid (glutamic acid+glutamine)
As shown in Table 5 , the supplementation of L-lysine and L-threonine to the gluten diet resulted in the recovery of the growth of the rats to the same level as in the 40C group. The relative weight of liver to the eviscerated carcass weight of 40GLT group, however, was not affected by these amino acids. The supplementa tion of L-glutamine to 40% casein diet to make the content of total glutamic acid (glutamic acid+glutamine) equal to that of the 40% gluten diet did not affect the growth of the animals, The activities of serum AST and ALT in the 40GLT group were slightly higher than in the 40G group but were not significantly different from the 40G group. Only the AST activity in the 40GLT group was lower than in the 40C group. Although the content of total glutamic acid (glutamic acid+gluta mine) in the 40CG1 diet was almost the same as that of the 40G diet, the activities of serum AST and ALT in the 40CG1 group were not different from those in the 40C group, and were significantly higher than in the 40G group.
Effects of L-glutamine and a mixture of amino acids which simulate gluten composi tion The growth of the rats fed with 30AA, the amino acid composition of which mimicked that of gluten, was significantly lower than in the other four groups (Table 6 ). The supplementation of L-glutamine to casein diet (30CGln) to make its content similar to that of the 30G diet did not affect the growth of the rats, but did increase the relative weight of the liver to the eviscerated carcass weight to the same level as the 30G group. The activities of serum AST and ALT in the 30AA and 30CGln groups were not significantly different from the 30G group but only those in the 30AA group were significantly lower than in the 30C group. Alteration of liver uridine nucleotide As shown in Table 7 , the activities of AST and ALT were elevated after 8h in the 40G group. These activities at 0 and 1 h after the injection of galactosamine were not different between the 40C and 40G groups. At 8 and 20 h, however , both these enzyme activities in the 40G group were significantly lower than those in the 40C group. The contents of UDP-glucose and UTP in the liver in the 40C and 40G groups were decreased significantly after 8h. However, no difference was observed in the concentration of these substances at any time point between the 40C and 40G groups.
DISCUSSION
The present experiments demonstrated that the rats fed with a high protein diet become more susceptible to D-galactosamine than those fed a normal or a low protein diet. Moreover, the susceptibility was found to be affected by the sources of dietary protein and the rats fed with a diet containing wheat gluten was less sensitive to D-galactosamine than those fed with a diet containing the same amount of casein or soybean protein. As shown in Table 3 , the plasma activities of AST and ALT before the action of D-galactosamine were very low as compared with those at 20h after the drug even in rats fed 40% casein or gluten diet, and there was no difference between these dietary groups. Moreover, our preliminary experiments indicated that the activities of hepatic AST and ALT in the rats fed 30% casein were not different from those fed 30% gluten (data not shown). These facts suggests that the leakage of these enzyme from D-galactosamine-treated hepato cytes would be different between these dietary groups. Although the reason why the high protein diet resulted in the high sensitivity to galactosamine is not clear, the suppressive effect of gluten on the galactosamine susceptibility was thought to be caused by amino acids. Since the contents of glutamine in the gluten used in the present experiments was estimated to be about 36% of protein by the methods of Wilcox (13) , which was roughly 3-fold more than that in casein, glutamine but not glutamic acid might be responsible for these effects. However, this explanation was not confirmed. Tryptophan and methionine were reported to reduce the effects of D-galactosamine in rats when these substances were injected simultaneously (6) . In the present experiments, however, plasma transaminase activities in the 40C group after galactosamine injection were not lower than those in the 40G group, in which the diet contained less tryptophan and methionine than the 40C diet. Although the mechanism by which D-galactosamine induces hepatitis has not been elucidated completely, it was reported that the increase in serum transaminases was preceded by decreases in the contents of UTP and UDP-glucose in the liver after the administration of D-galactosamine and that such changes in serum enzymes was prevented by the administration of uridine in the early phase after the galactos amine injection, according to the recovery of the contents of uridine nucleotides in the liver (2) . Therefore, glutamine might be used as the amide donor for the synthesis of uridine nucleotides which would serve to replenish their deficit caused by D-galactosamine. The present results indicate that the contents of UTP, UDP and UDP-glucose in the liver of the 40G group at 20h after the administration of D-galactosamine were slightly higher than those in the 40C group but the difference was not significant. Thus, the abovementioned hypothesis could not be confirmed.
The relative weight of the liver to the eviscerated carcass weight in animals given a gluten or glutamine-rich diet was always greater than those of the other groups. This phenomenon can be explained by their resistance to the atrophic action of D-galactosamine but also by the swelling of hepatocytes after glutamine incorpora tion (14) . The activities of serum AST and ALT in experiment 2 were compara tively higher than those of the corresponding groups in other experiments. Some slight differences in experimental conditions such as the initial age could be responsible but the reason is unknown.
The injury caused by D-galactosamine injection was reported to be limited to the liver which is the organ where D-galactosamine is primarily metabolized (1), and perturbation of glycoprotein biosynthesis was also shown to be specific to hepatocytes (4). In the investigation using cultured hepatocytes, D-galactosamine in the medium caused decreased UTP and UDPG concentrations in the cells and the reduction was recovered by the addition of uridine (15) . In these experiments, however, leakage of intracellular lactate dehydrogenase (LDH), AST and ALT was not acceralated for at least 80 min after D-galactosamine treatment (15) . On the other hand, the leakage of LDH from freshly prepared hepatocytes was not shown to be accelerated till 20h after the addition of D-galactosamine (16) . Moreover, using 48 h-precultured rat hepatocytes, 4mM of D-galactosamine in the medium was found not to alter the leakage of intracellular LDH and AST for at least 24h after its treatment (17) . These results suggest that the leakage of transaminases from hepatocytes into the blood by the injection of D-galactosamine would be caused not only by its direct action on hepatocytes but also by other unknown factors. Since some investigators reported that internal endotoxin was involved in the pathogenesis of hepatitis induced by D-galactosamine (7, 8) and that the treatment with D-galactosamine resulted in the remarkable sensitization to endotoxin (18) , it is likely that gluten attenuates the action of galactosamine by preventing the invasion of endotoxin in their gut. Glutamine was shown to be used preferentially as a fuel source in enterocytes (19) and to be beneficial for fortifi cation of the mucosal barrier against invasion of endotoxin and microfiora (20, 21) . In our preliminary experiments, however, the concentration of blood endotoxin was not lower in the rats fed with a gluten-rich diet compared with a casein-rich diet (data not shown). Because the gut was reported to release L-alanine in conjunction with the consumption of glutamine (19, 22) , it may be possible that alanine from a portal vein can affect the action of D-galactosamine in the liver. Another plausible explanation is that some immune function is involved in the development of D-galactosamine hepatitis since lymphocytes and macrophages, which release some cytotoxic cytokines such as tumor necrosis factor, were shown to preferentially consume glutamine especially when these cells were activated (23, 24) . Further, proliferation of Kupffer cells in rat liver were observed after D-galactosamine injection (25) . More detailed study is necessary to elucidate the mechanism by which gluten attenuates the elevation of serum transaminase activities caused by galactosamine.
These results demonstrated that the elevation of serum AST and ALT ac tivities by D-galactosamine, a hepatotoxin, was promoted by a high-casein diet but was attenuated by a high-gluten diet. Such effects of gluten was not caused by a deficit of L-lysine and L-threonine but glutamine was not ruled out as a possible cause. The suppressive action of dietary gluten on the elevation of serum trans aminases was not coordinated with the reduction of UTP and UDP-glucose after D-galactosamine injection.
